Abstract
Introduction
The Motion simulation table control plays a very important role in the development of the aircraft, which is the key hardware device for the hardware-in-the-loop simulation and testbed in the files aeronautics and astronautics. The Motion simulation table can simulate all kinds of attitude of the spacecraft in real flight and reproduce the dynamic characteristics of the flight control system. The performance of the guidance system, control system and the corresponding devices on the aircraft tested repeatedly. After collecting test data, redesign and improve it to meet the performance requirements of the overall design of the aircraft.
Testing Simulator performance always linked to the reliability and confidence of simulation and test trials is the base for aviation accuracy and performance of aerospace products. As the rapid development of inertial navigation systems [1] [2] [3] , the research and manufacturing of inertial guidance test equipment becomes an important issue [4] . One of the most important inertial guidance test equipment is a flight motion simulator [5] [6] . Therefore, Motion simulator control research has important significance in the aviation, Aerospace and national defense.
The ZPETC approach has gained attention by numerous researchers [5] [6] [7] . The ZPETC approach delivers the overall tracking system with zero phase error characteristics and rules out the phase error that affected by NMP and has unity gain for low frequencies [8] [9] [10] [11] [12] [13] .
Establishment of Motion Simulator Turntable Model and Parameter Selection
Turret azimuth axis based Motion simulation table control is a complex function of the shaft, which controls typical structure. This article will primarily consider the axis control strategy. Various control system control strategies studied before to obtain the mathematical model of the system. This article following the kinetic equation, application-modeling mechanism.
Servo system design starts with the selection of the motor. To overcome the load of the controlled system, the motor must overcome the friction torque of the motor itself and the inertial torque of the motor rotor. In electric servo actuator, the DC motor is the best. In this paper, DC motor load structure mathematical model utilized as indicated in Figure  ( Due to the extended shaft, mass distribution over the length of the shaft, so its inertia is negligible.
Firstly, the equation of DC torque motor armature circuit is
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Armature current is proportional to the motor torque
For torque motor with load, the friction load, the kinetic equation is
Where
Theoretically, The Hook's law can obtain
Where the angular velocity of the load side
By using the equations from (1) to (6), the following model structure obtained as shown in Figure ( 
From equation (9), it is clear that the servo system is a standard second-order system. In this paper, 250LYX135 type torque motor is used. The main characteristics of the motor system are: N.m Actual servo systems are generally more complex and difficult to model accurately that reflects the characteristics of the system. To facilitate debugging of the actual system, typically control system with simplified mechanism combined using another modeling method based on the frequency characteristics of the system.
Multi Loop Control System for Motion Simulation Table Control
In essence, flight Motion simulation table control is a high precision position and speed servo system.
For motion simulation control system, the driving element electric motor. Essentially closed-loop system is the position or speed of a motor. Negative feedback uses to reduce the sensitivity of the system. At the same time, a series of control devices linked in series to make a closed loop. This structural pattern is prosperous in order to bring down the sensitivity of the system to alter the parameters of the motor.
The motor control scheme planned as a "three ring" structure, which is the current loop, speed loop and position loop. The character of current and velocity loop is to increase the stiffness of the scheme to suppress the nonlinearities and external disturbance of the system. The precision of the control scheme ensured by the position loop. A wide variety of control algorithms implemented in the position loop by digital means.
In this article, Motion simulation table control is a typical three closed loop control structure.
Current Loop Structure
The following are just a summary of each closed-loop designs. 
Design ZPETC
The servo system speed closed-loop transfer function 
2. The following can be designed using ZPETC: 
ZPETC transfer function: 1 11 (1 1.1795 )(1 1.1795 ) ( ) ( ) 4.7502
This is the ideal situation and in the whole frequency domain, phase shift is zero and the low frequency amplitude difference is zero. ( 1) 7.622 10 ( 2)) 0.0052
According to previous analysis, ZPETC design given instruction that requires two steps ahead of the value in steps of 1 ms . For Practical application two steps ahead value is ignored, obtain the following compensation components: 
Output can be compared to the compensation link: 
It can be seen that this compensation step no longer requires the advance value of the given command signal.
The Simulation Results with ZPETC and Approximate ZPETC
Approximate ZPETC applied to servo system to simulate the response curve, dotted line shows the command signal and Solid line is the output. It is clear from the above figure, tracking system performance significantly improved. However, since the application process, ignoring the several steps ahead value in approximate ZPETC. When the sampling period is 1 ms , 2 ds  and When given instruction signal frequency exceeds 14Hz, the tracking phase lag of more than 10 degrees, do not achieve the tracking performance. Therefore, the following result verifies that this approximation method limits the servo system to broaden the bandwidth of the system. 
Improved Zero Phase Error Feed Forward Compensation
Due to use of the advance value for the feedforward compensation in the approximate ZPETC, the ZPETC of the approximate design has a drawback. This paper presents an improved method for designing ZPETC. The improved feedforward compensation method does not require an advanced value for the feedforward compensation. The phase shift of the system after correction is approximately zero in a large frequency band and the gain is approximately one.
Considering Minimum Phase Systems
First, consider the simplest case: the closed-loop system for minimum phase 
Non-Minimum Phase System
For the following non-minimum phase system:
Zero phase feedforward compensation controller:
For the Actual use of the advance value, we ignore step ds  :
Pade Approximation
In the actual design process, we first need to consider the lag 
Some calculations are not included because shortage of space. The transfer function of the whole system after using the compensation link can be obtained
Experimental Results
In order to obtain each frequency characteristic, a direct link to the feed-forward compensation applied before the position closed loop configuration. When designing the feed forward compensation to obtain the position of the closed-loop transfer function of the frequency point fit With the increase of frequency, the maximum amplitude of the given command will reduced. When frequency is more than 10Hz, the amplitude is very small and the angular position accuracy is not satisfied. Therefore, it is difficult to guarantee the accuracy of the points above 10HZ.
Sinusoidal response process collecting data points before and after the compensation system during the simulation in MATLAB. Prior to compensate for actual servo system 1Hz ~ 10Hz measured response waveform shown figure below.
Uncompensated system with 1Hz waveform response are given below It is clear from the above result that the frequency bandwidth has broadened, and frequency characteristics of the system measured within the range of 10Hz because of the limitations of the motor performance. Therefore, the system frequency can further widened, but the correct motor system selection is very important.
The method-improved design ZPETC added to the original position before the closedloop system to compensate. Design 4T   . The following table shows the comparison of the original system, approximate ZPETC compensation and improvements ZPETC compensation measured within 10HZ. It is clear that the improved method further improves the phase difference, but a slight gap in the area of difference, as the frequency increases, the amplitude difference increases.
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However, has observed that there are problems in the real time application. The accuracy of the system model in the design process has great influence on the design of the compensation link. With a discrete model, zero-order hold should use with the system. If the computational precision in the discrete process is too low, it will also affect the design part of the compensation. Although the phase is well compensated, but the amplitude problem needs to study further in real time application.
Conclusion
In this article, improved zero phase error tracking controller (ZPETC) approach is introduced to overcome NMP zero problem with application to motion simulator table. The basic components of the servo based load model system are established. Approximate ZPETC and improved ZPETC methods successfully applied to the motion simulation table and simulated. The test results compared and analyzed. Experimental results verify that Improved approximation ZPETC broaden the bandwidth of the system and satisfy the required performance of the system. The simulation results of the proposed algorithm satisfy the overall tracking performance of the motion simulation turntable.
